munication. 1 Experience has now been extended to 42 dogs. A 5-15 volts, biphasic, 1-5 msec. pulse as measured by a cathoderay oscilloscope connected in parallel with the input of the bladder has continued to prove satisfactory in evoking emptying of the bladder. It is important to measure the actual voltage in this instance because the voltage-amplitude dial of the stimulator does not reflect the net input to the bladder. This is the result of an impedance mismatch between the output of the Grass stimulator~ and the low impedance represented by the bladder. Measurements of impedance of the bladder have been made and varied between 35-100 ohms depending upon the amount of the surface in contact with the electrode. Accurate values of the voltage developed across the bladder were thus obtained using an oscilloscope in the manner described previously.
In the acute experiments no difference in the threshold of response of bladder was found before or after section of the spinal cord, confirming Stewart's finding. 2 Neither was there any difference in threshold found before or after anesthetizing doses of barbiturates, or with paralyzing doses of neuromuscular blocking agents. However, certain conditions of the bladder were found to influence its responsiveness to direct electrical stimulation: a) Vesical overdistension raised the threshold of response of the bladder. In dogs subjected to deliberate vesical overdistension the contractile response of the smooth muscle of the bladder to electrical stimulation became refractory for a period of 4-6 hours and thereafter the response returned only with supramaximal stimulation. OverdistenGrass Instrument Company, Quincy, Massachusetts. sion is defined, for the purpose of these experiments, as filling the bladder with those volumes producing a rapidly ascending rise in pressure in limb three of the cystometrogram.
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b) The bladder should be maintained at near body temperature for optimal response. The effect of temperature on the contractile response of the bladder to direct electrical stimulation was reported by Stewart3 In our experiments body temperature was measured continuously and maintained at 37-39~ by electric heating pads to the trunk of the animal. Temperature of the bladder also was maintained by local warm saline packs. In addition the bladder was manipulated as little as possible.
The results of the chronic experiments on the dog are outlined in Tables 1 and ~. The bladders of these dogs have been emptied regularly with stimulation on a 4-8 hourly basis. The longest surviving dog is now living 14 months following section of the spinal cord. She is afebrile, has sterile urine and has normal renal function. Fig. 1 shows a normal intravenous pyelogram of this dog 1~ months after operation. There are two other long-term surviving dogs: one 13 months and the other 10 months. They are in as good condition as the oldest dog. In several dogs, failure of the receiver occurred. These receivers were then removed and cause of failure was determined. Information thus obtained was utilized for redesigning them. In 1 dog (No. ~1) an implanted battery-operated stimulator with a contact switch under the skin was used. Because of the presence of the batteries the unit was large and bulky. In addition the power input to the bladder could not be controlled as with the unit powered by radio transmission.
Spread of the stimulating current to contiguous structures was a problem. This resulted in stiffening of the legs on stimulation of the bladder. In addition, such spread of the stimulus was believed to cause contraction of the muscles of the pelvic diaphragm and, thus, trapping of the urine in some dogs. This problem is of increasing importance in patients in whom the bladder is entirely a pelvic organ and consequently any spread of the current would be confined mostly to the muscles of the pelvic floor.
Spread of the stimulus was controlled by redesign of the electrodes. Initially 0.5-cm. stainless-steel discs were used. With the use of platinum electrodes coated with Silastic,t Dow Corning Corporation, Midland, Michigan. complete prior to the drainage, was now noted to be incomplete (Fig. 3) . Reinsertion of the catheter for an interval of several days with a regimen of clamping for 3-4 hours and draining for 1 hour resulted in restoration of complete evacuation. This phenomenon is of clinical importance and is being investigated further.
Clinical Experience
The first human study was carried out in April 1962 and since then there have been 7 patients in whom the receiver-stimulator was either implanted or used during surgery. All these patients had neurogenic bladders which had been drained intermittently, prior to the stimulation, on a schedule mentioned previously. General anesthesia was used when necessary. The bladder was exposed by extraperitoneal approach through a suprapubic midline incision. To avoid cooling of the bladder, warm packs were used frequently. Acute studies were done by stimulation with electrodes applied manually to the wall of the bladder using parameters described previously. For implanatation, the electrodes were sutured onto the wall of the bladFro. 1. I.V.P. (5-min. film) from a dog 1~2 months after section of cervical cord. Prompt excretion of the dye is noted.
which is perforated at regular intervals and sewn vertically over the fundus of the bladder, the spread of current has been minimized (Fig. 2) .
In the dogs with ablation of the cauda equina behavioral evidence of pain on stimulation was observed. Presacral neurectomy in 3 dogs produced some beneficial effect for a short time postoperatively but after 3-4 days the dogs again gave evidence of pain.
In the chronic experiments on the dog, completeness of evacuation has been observed to be affected by continuous drainage of the catheter. With such drainage of the bladder for an interval of several weeks, the evacuation of the bladder with stimulation, Fro. ~-. Method of implantation of receiver and attachment of electrodes. Receiver is implanted lateral to sheath of rectus muscle between layers of external and internal oblique. Electrodes are attached vertically near dome of the bladder. der. The receiver was so, cured initially in the subcutaneous tissue but subsequently under the fascia of the abdominal muscles.
Results of the clinical experience are summarized in Table 3 . Stimulation of the bladder with the receiver-stimulator was carried out under direct vision in all patients. Such stimulation produced prompt contraction of every bladder but no evacuation occurred except in ~ patients (R.E. and P.F.). Nevertheless, most receivers were implanted because it was felt that the exposed bladders during the acute study were hypothermic in spite of frequent warm packing and therefore not optimal for responding to stimulation. However, in all patients except the last ~, who had the receiver-stimulator implanted, no evacuation of the bladder took place upon stimulation postoperatively. There was, in several :patients, evidence of spread of current. This was most marked in D.J. in whom six electrodes of stainlesssteel discs were used. Stimulation of the bladder during surgery with the usual parmaeter caused contraction but no evacuation. When strong stimulation was used, his legs stiffened. But, no emptying of the bladder occurred.
No patient complained of pain upon stimulation. Patient D.J. experienced a "tingling feeling" throughout his body when a strong stimulus was applied.
The unsuccessful results in the earlier patients, in contrast to those in dogs, raised certain questions : 1) Difference in size of the bladder--perhaps more power and/or wider contact with the electrode were necessary for the human bladder. ~) Difference in the structure of the pelvis. In the dogs, the bladder is an abdominal organ and therefore In the human, the bladder is deep within the pelvis and any spread of current would contract the pelvic floor, thus compressing the neck of the bladder and preventing evacuation. 3) A theoretically possible phylogenetic difference in the intrinsic organization of the bladder.
To answer these questions, a series of experiments were carried out using sheep, calves and a monkey. Sheep and calves have bladders as large as that of the human. The monkey's pelvis is quite deep. If there were any phylogenic difference in the intrinsic organization of the bladder, it would be a minimal one between the monkey and the human. The results of these experiments indicated clearly: 1) that more power and wider contact with the electrode were needed for the larger bladder; ~) that more efficient electrodes were necessary to confine the stimulating current to the wall of the bladder; and 3) that there was no such thing as difference in intrinsic organization of the bladder. Consequently, new tape-electrodes (Fig. ~) were designed and a more powerful transmitter was made available.* As indicated in Table 3 , the bladders of the last ~ patients emptied successfully with stimulation. Their case histories and details of study are now presented.
Case Reports Case i (U.H. #9964~7). R.A., a 16-year-old female, was admitted to the University Hospitals on Dec. 17, 196~ approximately 5 hours following an automobile accident. She had been quadriplegic immediately.
On examination she was lethargic and slightly * Medtronics, Inc., Minneapolis, Minnesota.
confused. Her blood pressure was 90/60 mm. of Hg. Her respiration was diaphragmatic. She could shrug her shoulders and flex her left elbow. She was flaccid in all extremities and had a sensory level for all modalities from the C5 level caudad. An indwelling catheter was in place. The hemoglobin was 11 gm. and count of white blood cel]s was 11,850. Roentgenograms revealed disintegration of C5 vertebral body and an anterior dislocation of C4 vertebra on C5.
She was placed on a Foster frame and received cervical traction with 5 pounds of weight using Crutchfield tongs. A lumbar spinal puncture was done. This revealed pink ccrebrospinal fluid. Manometric studies showed a complete spinal block.
In view of this, the cervical spinal canal was decompressed. General anesthesia was used; the airway was maintained by an endotracheal tube via a trachcostomy. The cord was badly contused at the C5 level.
Postoperatively, no functional return has been observed. Urinary drainage was maintained via an indwelling catheter with a regime of 31 hours of clamping and 89 hour of drainage. She has had several bouts of infection of the urinary tract.
On Jan. 11, 1963 a bladder stimulator unit was implanted. This was accomplished through a midline suprapubic incision and an extraperitoneal approach. Four tape-electrodes were sutured transversely onto the wall of the bladder --two on the anterior surface and two on the posterior surface. The top ones, of the same polarity, are about 2 cm. from the dome and the bottom ones are low, close to the neck of the bladder. Stimulation caused vigorous contraction of the bladder but no evacuation took place. Nevertheless, the receiver was implanted in the sheath of the rectus muscle and the abdominal wound was closed.
The incision healed well. A trial of stimulation was carried out about a week later. Again no evacuation took place. A cystometrogram done using an isometric recording technique showed, with stimulation, an intravesical pressure of 34 cm. of H20.
On Jan. 81, 1968 a new and more powerful transmitter was used. With this, evacuation of the bladder occurred. The emptying was not complete, however. About 80 cc. residual urine were recovered. Subsequently, emptying has taken place consistently. Volume of residual urine has varied from 10 cc. to 20 cc. out of a total content of 100 cc. in the bladder.
During this period of observation, it was found that the evoked emptying usually began quite forcefully and then hesitated intermittently until it ceased. It was felt that the placement of electrodes was such that the region of the neck of the bladder contracted excessively resulting in some urine being trapped.
Failure of the receiver occurred subsequently. This patient is on indwelling catheter drainage at present. Case 2 (U.H. #99703~). P.F., an ll-day-old male, was admitted on Jan. 3, 1968 with a thoracolumbar meningomyelocele. The boy was paraplegic and had a sensory level to T9. The rectal sphincter was relaxed. There was no anal reflex. The lower extremities were flaccid and areflexic.
The meningomyelocele was excised on Jan. 5, 1963. The wound healed slowly. On Feb. ], 1963 a bladder stimulating unit was implanted under general anesthesia. The bladder was exposed extraperitoneally. Two tape-electrodes were sutured vertically onto the bladder close to the dome--one anteriorly and one posteriorly. Testing stimulating on the operating table evoked immediate and vigorous contraction of the bladder. Evacuation occurred immediately. To avoid unnecessary trauma, no measurement of residual urine was done.
Subsequently, emptying of the bladder has been achieved consistently by stimulation. Completeness of evacuation is depicted by the cystograms (Fig. 4) . On one occasion, emptying of the bladder was evoked while the baby was asleep. Emptying occurred without awakening the child. Two weeks postoperatively, evidence of infection was present. The unit was removed.
Discussion
It has been demonstrated that complete evacuation of the bladder can be evoked by direct electrical stimulation using a device as described. Our experience in the use of this method in humans has been brief. However, this technique has been successful consistently in experimental animals for as long as 14 months. There is reason to expect that it will be equally effective in humans.
It should be emphasized that the results reported herein deal only with acute neurogenic bladders. We have no knowledge or experience in the possible use of this method for the treatment of chronic neurogenic bladders which have been emptied by indwelling catheters for prolonged periods of time. There is some evidence that prolonged use of an indwelling catheter will decrease the responsiveness of the musculature of the bladder to electrical stimulation. It has been FIO. 4. Cystograms of patient (P.F.) showing complete emptying of bladder following stimulation.
shown that normal responsiveness can be restored by following a regimen of alternately clamping the indwelling catheter for 3-4 hours and drainage for 30 minutes. This method for restoring the excitability of the bladder may not be effective, however, if the bladder has become infected and/or partially fibrosed. Under such circumstances, perhaps new parameters of stimulation would be neccssary. It may be a difficult task to ascertain the threshold of response of a chronic neurogenic bladder without direct testing. Investigation currently is under way to evaluate certain techniques for predicting the responsiveness of these bladders.
Spread of the current of the electrical stimulus to contiguous structures has been observed in the chronic animals and in patients. It has been mostly eliminated by the use of newly designed tape-electrodes. These electrodes are made of Silastic-coated platinum wires which are exposed and in contact with the wall of the bladder at certain minute spots.
In the dogs with lesions of the cauda equina, stimulation has been accompanied by behavioral evidcnce of pain. Investigations are at present under way to explore the cause of such pain and means of relief therefrom. Since the parasympathetic pathways from the bladder in these animals have been eliminated by the ablation of the cauda equina, it was felt that interruption of pathways of pain traversing the sympathetic system may be helpful for relief from pain. Several animals with presacral neurectomies had only partial and temporary relief of pain. It may be that sympathectomy at higher levels is necessary for complete abolition of pain. It seems quite clear, based upon the observation in the last patient (P.F.), that a total, lower thoracic lesion renders the bladder and its neighboring structures insensitive to pain.
Summary
The experience with an implantable receiver-stimulator for evacuation of the neurogenic bladder in chronic experiments with paraplegic dogs and in 7 patients has been described and discussed. Problems encountered in the use of this device have been described and have included spread of stimulating current to contiguous structures and decrease in excitability of bladder induced by continuous drainage of bladder. Such decrease in excitability of bladder in early stages is reversible by intermittent slow distension. Spread of current to nearby structures has been reduced greatly by redesign of the stimulating electrodes.
The problem of pain caused by stimulation of the bladder in dogs with lesions of the cauda equina has been discussed. The mechanism of reception and conduction of pain in these animals is not clear at present.
Two of the 7 patients emptied their bladders repeatedly upon stimulation. One patient had a lesion of the spinal cord clinically at T9. There was no evidence of pain upon stimulation in this patient. Discussion DR. R. F. HEIMBURGI~a: About a year ago I had the privilege of watching Dr. Chou put the first of these instruments into a human patient and I have been following the progress of this investigation since then because of our interest in paraplegic individuals at the University of Indiana.
We have become accustomed to asking for passive prostheses in the treatment of disabled persons, but now we are looking more towards active prosthetic hdp.
Ever since World War II there have been suggestions in the literature about the possibility of re-enervating the muscles of paraplegic individuals with electrical stimuli. The cardiac surgeons have made this a reality with their pacemakers, but, until this work, no instruments that work consistently have been provided for the paralyzed patient. Of course, this work is rather new still, and I think that it will develop a great deal in the future.
One of the things that has been brought out is that bladders that have been drained by catheter for a long period of time have become scarred and trabeculated. The chance of helping these scarred bladders with this technique is much less than it would be if the instrument were applied.
Thinking about this instrument reminds me of the experience of some of my fi'iends who have radio transmitter-receiver apparati for opening and closing their garage doors. They find that the garage doors occasionally will open spontaneously because the person who has a similar apparatus down the street has activated their transmitter. I wonder if that will happen with this instrument for emptying the bladder. Dm SUELLEY N. Cuoc: Thank you very much for your kind comments, Dr. lIeimburger.
Relative to Dr. Heimburger's expression about the radio transmission for a garage door, we can assure you this wouldn't happen for several reasons. One is that the receiver is tuned to the stimulator, so that it would not be activated by other transmitters. Secondly, the antenna of the transmitter has to be applied about inches from the antenna of the receiver, so I don't think remote activation will happen.
I think in answer to you, Dr. Heimburger, there was also some discussion of this at the Harvey Cushing meeting a year ago. As a matter of fact, some chided us about applying to the Federal Communications Commission for a band, or something like that.
The other thing I thought I would mention is that Dr. Bradley thought perhaps we eventually could put some sort of pressure-sensing device in the unit. In other words, the unit would take care of itself by virtue of a mechanism of stimulation triggered by a pressuresensitive device. It has to have in it, though, some sort. of a device to warn the patient that the bladder is filled to a certain pressure. Thus, it would allow the patient some time to go to the bathroom before the mechanism of stimulation is activated.
